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ABSTRACT
Information concerning reproduction is o f  vital importance for 
successful m anagement of a fishery, especially when that fishery is 
r egulated by the weight of a whole or partial organism. The harvest of 
sea scallops (P^ m a g e l l a n i c u s ) from the mid - A t l a n t i c  bight is regulated 
by a m a x i m u m  average meat count. However, no documentat ion of the 
g a m etogeni c cycle of sea scallops in this region existed in the 
literature. Therefore, this study was initiated to determine the 
g a m etogeni c cycle of scallops in the m i d-Atlant ic bight.
Histological quantification of gonadal tissue, as well as gonad 
w eig h t  changes, indicated that a semiannual g a m etogeni c cycle was 
c h a r a cteri stic of sea scallops from the mid - A t l a n t i c  bight. Major 
spawnings occurred in May and November. Gonadal development and 
spawning in the spring comprised a longer period of time and resulted in 
greater fecundity.
High variabilit y in gametogenic processes was due to the lack of a 
distinct quiescent period between cycles and the sporadic occurrence of 
oocyte resorption and partial spawning of spermatozoa throughout the 
year. The timing of gametogenic processes between male and female 
scallops within each sampling area or month was very similar. Likewise, 
similar gametogeni c cycles were observed throughout the mid-Atlantic 
bight, although some differences in the timing of gametogenic processes 
among areas and between depths were evident.
Estimated bottom water temperatures were lowest in the summer and 
highest in the winter. The elevated temperatures in the winter were due 
to slope water intrusion onto the shelf, and ma y  be responsible for 
semiannual spawning in the mid-Atlant ic bight.
A strong relationship between adductor mus c l e  weight and gonad 
weight was verified in this study through regression analysis. Adductor 
muscle weights g e nerally decreased as gonads developed, increased 
shortly after spawning, and continued to increase until gonads began to 
redevelop. The resulting variability and reduced size of adductor 
m uscle weights caused by semiannual gametogeni c activity creates 
increased d i f f iculty for fishermen to comply with meat count 
regulations. However, semiannual spawning could result in increased 
recruitment, which would be beneficial to the fishery.
Because semiannual gametogeni c cycles are often subject to large 
interannual variability, researchers should continue monitoring 
gametogene sis of mid-Atlant ic sea scallops for several additional years 
to verify the repeated occurrence and characteri stics of the semiannual 
g a m etogeni c cycle. Gonad weight changes w ould be an accurate and 
simpler method for a long term monitoring program. The results of this 
study should be recognized in the sea scallop fishery management plan if 
this fishery continues to be regulated by a m a x i m u m  meat count.
THE G A M ETOGENI C CYCLE OF PLACOPECTEN M A GELLANIC US (GMELIN) 
IN THE MID-ATLANT IC BIGHT
Introduction
The sea scallop, PIacopecten magellanicus (Gmelin), supports a 
valuable commercial fishery throughout its entire d i stributi on in the 
w e s tern Atlantic, from the Strait of Belle Isle, Newfoundland, to Cape 
Hatteras, N.C. (MacKenzie et al_- 1978). Data available from the 
National Marine Fisheries Service (NMFS) indicate that the United States 
sea scallop fishery had a catch valued at approximat ely $132,300,000 in 
1988, utilized 200-300 fishing vessels, and provided e mployment for more 
than 2,108 fishermen. Historically, landings from Georges Bank have 
accounted for most of the United States harvests. The mid-At l a n t i c  sea 
scallop fishery, which includes the fishing areas south of Hudson Canyon 
to Cape Hatteras, N.C., has contributed significan tly to the commercial 
harvest since the mid-1960s.
The Sea Scallop Fishery Management Plan was establishe d in 1983 by 
the New England, Mid-Atlantic, and South-Atlantic Fishery Management 
C ouncils to manage and regulate the fishery. The primary management 
strategy is to control the age/size of entry. Vessels which shuck 
scallops at sea are regulated by a maximum average meat count while 
t hose which land scallops in the shell are regulated by a m i n i m u m  shell 
size. Ammendments have been made to the original fishery management 
plan to account for differences in variability between shell size and 
meat weight which are associated with spawning. Current regulations, 
including the latest ammendment (New England Fishery M anagement Council
2
31987), require a m i n i m u m  average shell height of 3.5 inches year-r o u n d  
for shellstockers. A  m a x i m u m  average meat count of 30 meats per pound 
(mpp) from February to September, and a m a x i m u m  average meat count of 33 
mpp from October to J a n uary are required for vessels which shuck at sea. 
The meat count of 33 mpp represents a ten percent increase in meat count 
to account for the natural decrease in meat weight that is associated 
with spawning. An additional ten percent tolerance limit is permitted 
on a ye a r - r o u n d  basis to account for measuring error at sea (New England 
Fishery M a nagement Council 1987).
Information concerning reproduction is of fundamental importance to 
the successful management of a fishery. It is also especially important 
in the case of a fishery which is regulated by the wei g h t  or count per 
unit weight of a partial or whole organism, since gametogeni c processes 
m ay partially explain temporal weight changes often occurring in certain 
body components of organisms. For example, it has been established in 
several pectinid species, including P. m a g e l l a n i c u s . that the adductor 
muscle decreases in weight as its energy reserves are utilized during 
periods of gametogeni c developmen t and spawning (Barber and Blake 1981; 
Robinson et a]_. 1981).
Due to the late emergence of the mid-Atlant ic scallop fishery
r elative to other regions of the northwest Atlantic, most of the 
research involving reproduction of Atlantic sea scallops has primarily 
c o n centrat ed on Georges Bank (Pgsgay and Norman 1958; M a ckenzie et al_. 
1978), Gulf of Maine (Welch 1950; Robinson et al. 1981), and 
N e w foundla nd (Naidu 1970; MacDonald and Thompson 1986; Beninger 1987) 
r e source areas. This research reports an annual g a m e togeni c cycle with
a single spawning period occurring during the fall when water
4t e m peratur e is approximat ely 8-16° C. The Sea Scallop Fishery 
M an a g e m e n t  Plan (New England Fishery Manage m e n t  Council et al. 1982), 
establishe d regulations for the entire United States fishery assuming 
that this r e producti ve pattern holds for all scallop resource areas. 
M a cKenzie et al. (1978), however, found sea scallops in the mid-Atlantic 
bight to spawn on an annual basis, but in Ouly or August, slightly 
earlier than in more northerly regions of the northwest Atlantic. Their 
results, though, were based on macroscopic observations over a one-week 
period. No other detailed documentation on the reproductive cycle of P. 
ma gellanic us exists for the mid-Atlantic bight.
In April 1987, the Virginia Institute of Marine Science began 
collecting data from mid-Atlant ic commercial catches to descibe adductor 
muscle weight-shell height relationships for this region as well as make 
general observations on spawning patterns. Preliminary findings from 
April to D e c ember 1987 (DuPaul et al. 1989) indicated that the 
r e p roducti ve cycle differed significantly from previous documentations.
A detailed histological examination of gonadal material was therefore 
conducted to verify gametogenic processes of scallops located in the 
m i d -Atlant ic bight. Results of this study will provide important 
information for the management and commercial utilization of the 
fishery.
Biological background
The general habitat and life history of P. magellanic us has been 
d ocumented by Drew (1906), Mackenzie (1979), and Naidu (1970). This 
species is oceanic, epifaunal, and inhabits sand and sand-gravel 
substrate. The sea scallop is a filter feeder, utilizing phytoplankton
5and possibly organic detritus for its diet. It occurs in progressively 
d eep e r  w a t e r  and farther offshore toward the southern limit of its 
distribution, from 2 m at the Strait of Belle Isle, Newfoundla nd 200 m 
at Cape Hatteras, North Carolina. Limitations in range are temperature 
related since spawning is suppressed in e x tremely cold w ater above the 
G u l f  of St. Lawrence and death occurs where temperatur es exceed 20-24° C 
(Posgay and Norman 1958, MacKenzie 1979). On the mid-At l a n t i c  shelf, 
scallops are harvested in commercial quantities approximat ely 25-60 
nautical miles offshore in depths ranging from 33 to 68 m  (DuPaul et a]_- 
1989).
A  detailed histological description of gamet o g e n i c  processes for P. 
magell a n i c u s  was documented by Naidu (1970). S permatoge nesis generally 
occurs more rapidly than oogenesis. In the male follicle, spermatogonia 
will d i fferenti ate into primary and secondary spermatocytes (3-6 ^ m  in 
diameter). These will further develop through meiotic divisions into 
spermatids (1.5-2 ym) and finally spermatozoa, which have a conical head 
approximat ely 1.5 ym in diameter and a flagellated tail 40-50 y m  long. 
Male gametes get progressiv ely smaller as they mature due to these 
meiotic divisions. All stages may be observed within a follicle at one 
time in a radial arrangement with the more mature stages occupying the 
inner area. In the female follicle oogonia develop into primary 
oocytes. Unlike spermatocytes, oocytes increase in size as they mature. 
When m o r p h o l o g i c a l l y  mature they will appear polygonal in shape with a 
m a x i m u m  diameter of 90 ym. Because of the dense packing of oocytes it 
is often difficult to distinquish between adjacent follicles when fully 
developed. The final step of oogenesis, when the oocyte undergoes 
m e i otic division to form a mature ova, occurs during passage out of the 
gonad. External fertilization occurs thereafter.
6P. m a g e l l a n i c u s . unlike most members of the pectinid family, is not 
normally hermaphrod itic or protandric. When hermap r h r o d i t i s m  does occur 
it is considered to be a developmental accident due to failure of the 
sex-differ entiating m e c h a n i s m  (Coe 1945). Histological evidence 
indicates that the sea scallop is sexually mature when one y e a r  old, 
after the first growth ring has been formed (Naidu, 1970; Langton et al, 
1987). This is approximat ely equal to a scallop having a shell height 
of 20-30 mm. P. magellanicus. like other bivalves, is highly fecund. 
Mature females are estimated to produce 1,000,000 to 270,000,000 eggs 
per individual seasonally (Langton et al* 1987).
Environmental parameters may influence gametogeni c processes in 
several ways. Although w ater temperature has been acknowledged as a 
primary controlling factor of reproductive cycles, there are conflicting 
c onclusions regarding its effect on gametogenesis. Recent studies have 
indicated that local food conditions may be a more critical parameter 
than temperature (Newell et al* 1982; MacDonald and Thompson 1986;
Barber et al. 1988). Depletion of energy reserves may result in reduced 
fecundity, reproductive output, mean gonadal indices, gamete volume 
fractions, egg diameter size, or variable magnitude and duration of 
spawning seasons (MacDonald and Thompson 1985, 1986; Langton et al.
1987; Barber et al. 1988). Water depth may also have an indirect effect 
on gametogene sis since changes in environmental conditions often 
accompany depth changes. Reproductive output in P. m a g ellanic us was 
found to significantly decrease with increasing w a t e r  depth in 
Newfoundla nd and Maine populations (MacDonald and Thompson 1985, 1986; 
Barber et al* 1988; Schick et al* 1988). Latitudinal variations may 
also have an indirect effect on gametogenesis. Characteri stic changes 
noted in the gametogeni c cycle of a species as it occurs at lower
7latitudes include less apparent synchrony of spawning (Newell et al. 
1982), prolonged or semiannual spawning seasons (Porter 1964; 
Pfitzenmey er 1965; Ropes 1968; Sastry 1979), spawning later in the year, 
or exhibiting reduced fecundity (Barber and Blake 1983). A causal 
relationsh ip between the variability of the sea scallop reproductive 
cycle and environmental conditions has been difficult to establish, 
however, since it involves the interaction of food, temperature, and 
depth (MacDonald and Thompson 1985, 1986).
Quantifica tion of the gametogenic cycle
Seasonal change in gonad appearance or weight has often been used 
as an indicator of gametogenic processes and spawning activity. Unlike 
most bivalves, the scallop gonad is a self-contained organ, easily 
separated from the somatic tissue except for a portion of intestinal 
loops and the crystalline style lying within it (Coe 1945). As 
gametogene sis proceeds the follicles enlarge due to the increasing size 
and number of gametes. Consequently, the gonad increases in thickness, 
firmness, size, and weight. The sexes are easily distinguis hed by color 
when ripe. The male gonad is white, becoming more cream colored as it 
matures. As the female gonad matures color progresses from light pink 
to darker salmon shades, and finally to a vivid brick red just prior to 
spawning. Intrafollicular lumen space and w a t e r  content decrease as the 
gonad ripens and fills with gametes. During spawning, expanded ducts 
and p a rtially empty portions of the follicles create a mottled granular 
appearance of the gonad. As spawning proceeds, the gonad becomes 
increasingly flaccid, watery, thin, and translucent, making sex 
difficult to determine. As a result of gamete development, maximum
8gonad wei g h t  occurs just prior to spawning, while m i n i m u m  weight occurs 
shortly after spawning is completed. Studies w hich have utilized 
standardiz ed gonadal weight changes to assess g a metogene sis in P. 
m a g e l lanic us include Thompson (1977), Robinson et al. (1981), Serchuk 
and Rak (1983), Beninger (1987), Langton et al. (1987), and Barber et 
al. (1988).
While appearance and weight can be useful indicators of gametogenic 
processes, histological examination of gonad tissue is necessary to 
dir e c t l y  verify the gametogeni c events (Sastry 1966). This has been 
q u alitativ ely accomplished by assigning stages of gonadal development to 
tissues examined microsco p i c a l l y  (Mason 1958; Naidu 1970; Robinson et 
al. 1981). To minimize the subjective and nominal nature of this 
technique, several recent studies have calculated volume fractions of 
gonad components from histological sections placed under a point- 
counting grid (Beninger 1987). Based on stereological principles, 
volume fractions are used to represent the reproducti ve condition of an 
organism. This procedure was first adopted for bivalve reproductive 
cycles by Bayne et al. (1978). The method was mod i f i e d  and used for 
scallops by M acDonald and Thompson (1986), and has since been used for 
pectinids by Beninger (1987), MacDonald & Bourne (1987), and Gould et 
al. (1988).
9Objectives
The purpose of this project was to q u a n t itati vely d e termine the 
g a m etogeni c cycle of P. magellanic us from the mid - A t l a n t i c  bight over a 
one y e a r  period using gonad weight changes and stereological analyses of 
gonad tissue. The primary objectives of this research wer e  as follows:
1) Determine the time, frequency, and duration of the gametogenic 
cycle from histological examination of gonad tissue, stereological 
quantification, and gonad weight changes, p r imarily focusing on 
resource areas off of the DelMarVa peninsula and New Jersey coast.
2) Determine, if significant differences in the g a m etogeni c cycle 
occur as sex, latitude, depth, and temperature vary.
3) Estimate fecundity for sea scallops in the m i d - A tlant ic bight.
4) Analyze the relationsh ip between seasonal changes in adductor 
muscle weights and the gametogenic cycle.
METHODS
C ollection and processing
Whole unshucked scallops were obtained from commercial fishing 
vessels participating in the cooperative sea scallop research program 
involving industry, the National Marine Fisheries Service, the New 
England Fisheries Management Council, and the Virginia Institute of 
M arine Science, College of W i l liam and Mary. Data collection began in 
J a n u a r y  1988 and concluded in December 1988. It was not possible to 
preselect catch location or frequency because of the commercial nature 
of the scallop samples.
Sample locations ranged from south of Long Island ( 4 0 ° 0 0 ,N
7 3 ° 0 0 ’W) to north of Cape Hatteras (37 ° 3 0 ’N 7 4 ° 3 0 ’W). This includes a
2
recta n g u l a r  area of approximately 28,000 km running northeast to 
southwest in water depths of 40 to 74 m. Three primary areas within the 
sampling range were selected from which it was attempted to obtain 
samples on a m o n thly basis (Figure 1). The three areas included a site 
off the Virginia coast (lat. 3 7 ° 1 5 ’ - 3 7 ° 4 5 > N ), a site off the DelMar 
pennin s u l a  (lat. 3 8 ° 0 0 ’ - 3 8 ° 3 0 ’ N ), and a site off the New Jersey 
coast (lat. 3 9 ° 0 0 ’ - 4 0 ° 0 0 ’ N). The selection of these sites was not 
intended to represent separate resource areas, but rather to provide 
stratified random sampling (Zar 1984).
Each sample was processed within 48 h of initial collection. At
10
11
Figure 1. Location of Va, De-Md, and NJ sampling areas 
within the mid-Atlant ic bight.
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the time of collection, the date and time of the sample, Loran C 
coordinates, water depth (m), and surface wa t e r  t e m peratur e (°C) were 
recorded. A subsample of 100 unshucked scallops was randomly selected 
from each sample of approximately 1.5 to 3.0 bushels for collection of 
m or p h o m e t r i c  data related to gametogenesis. The adductor muscle and 
gonad were dissected from each animal. The wet weights of the adductor 
m usc l e  and gonad, with the crystalline style and foot included, were 
each m e a sured to the nearest 0.1 gram. The ma x i m u m  distance between 
dorsal and ventral margins (shell height) was mea s u r e d  to the nearest 
mil l i m e t e r  using a standard fish measuring board. For one sample a 
month, ten gonads, with crystalline style and foot removed, were dried 
in a drying oven (90°C) for 48 to 72 hours and then reweighed. These 
dry weights were obtained during various stages of gonadal development 
so that the proportion of gamete weight per wet gonad weight could be 
estimated and used later for relative fecundity estimates.
Four to six samples were selected each month for inclusion in the 
histological examination (Table 1). From each sample, twelve gonads of 
each sex, regardless of apparent state of maturation, were used for 
histological processing. Only scallops greater than 70 m m  in shell 
height were processed to ensure sexual maturity (Naidu 1970; Serchuk and 
Rak 1983). A limited number of samples did not have twelve animals of 
each sex because sex was not always possible to determine visually, and 
losses occasional ly occurred during histological processing.
Whole gonads were initially placed in Davidsons fixative for 15 to 
45 minutes to firm the tissue and then cut into two to four pieces 
sagitally to increase the rate of fixation. Tissue remained in the 
fixative for a mi n i m u m  of 24 hours. Pieces of tissue approximately 1 
cm were then cut from the middle anterior region of the organ, placed
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in embedding capsules, and transferred to 70% ethyl alcohol. Samples 
w ere deh y d r a t e d  through an ascending alcohol series and seven changes of 
S-29 dehy d r a n t  (Fisher Tissue Dry) in the automatic processor, cleared 
by two changes of UC-670 clearing agent (Fisher Tissue Clear), 
infiltrated in two changes of melted paraffin, and embedded in melted 
parrafin (Fisher Tissue Prep, melting point 56.5°C). Tissue sections 
six microns thick were cut with an A. 0. 820 Rotary Microtome, attached 
to slides with albumin and 2 %  formalin, stained with H a r r i s ’ Hematoxylin 
and Eosin, and cover-slipped with Preservaslide mounting media.
Q u a n t ifica tion of the gametogenic cycle
Volume fractions were determined following the methods of Wei be! et 
al. (1966) and MacDonald and Thompson (1986). This involved 
superimpos ing a 10 mm square grid containing 61 points of intersecting 
lines over a gonad tissue section. Five random fields were examined at 
150 x m a gnificat ion under a Nikon compound microscope equipped with an 
eyepiece reticle. The mean number of points occupied by each structure 
type for each gonad was divided by the total number of points per field 
to deter m i n e  volume fractions. Volume fractions were calculated for 
sexes separately and combined for each month.
Structures identified for volume fractions in this study included 
develo p i n g  gametes (DG), mature gametes (MG), resorbing gametes (RG), 
total gametes (TG), other structural matter (OS), and empty lumen space 
within the follicles (FS). Developing gametes in males included primary 
and secondary spermatocytes and spermatogonia located around the outer 
edges of the follicles. Mature gametes included spermatid and 
spermatozoa, which were somewhat triangular shaped, smaller and darker
15
staining than d eveloping gametes. The tails of the spermatozoa were 
often observed as pink swirls near the center of the follicles. In 
females, both developing and mature gametes included primary oocytes, 
but were d i stinguis hed by size, color, and location within the follicle. 
Developing gametes were smaller (25-45 ym), stained deep blue, and were 
only observed on the follicle wall. Mature oocytes were approximately 
45 to 80 jjn in dia m e t e r  and were located free from the follicle wall, 
usually in the center of the follicle. Resorbing gametes were 
identified as those oocytes which no longer mai n t a i n e d  a distinct shape 
or germinal vesicle because of complete or partial lysis of the 
vitelline membrane. Total gametes included mature, developing, and 
resorbing gametes. Other structural matter included connective tissue, 
gonoducts, and blood vessels, which stained light pink, or water, which 
appeared as clear space between follicles.
Rather than standardizing weight for shell size differences, actual 
wet gonad weights were grouped into five 5 m m  shell size intervals. The 
selected intervals were 85-89 mm (N = 1,438), 90-94 m m  (N = 1,859), 100- 
104 m m  (N = 1,908), and 110-114 m m  (N = 1,365). These intervals were 
selected because they contained the largest number of observations for 
each month. The 90-94 mm interval also represents scallops which are 
believed to have been reproducti vely active for at least one spawning 
season (New England Fishery Management Council et al. 1982). Data for 
both sexes and all areas were combined to calculate monthly mean gonad 
weights for each size interval. While these data were collected in 
conjunction with histological data as part of this research project, the 
results of the gonad weight changes were published prior to the 
completion of this thesis (DuPaul et al. 1989).
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V a r i a b i l i t y  within the mid-Atlant ic
To examine gametogeni c processes within the mid - A t l a n t i c  bight in 
m ore detail, MG values were compared among different sampling areas and 
depths. The volume fractions of mature gametes were selected for 
testing, since this entity represents the potentiall y viable sexual 
products. Large heteroscad asticity of the variences prevented the use 
of parametric tests, so statistical comparisons were m ade using the 
n o nparamet ric Wilcoxon paired sample test (Zar 1984).
Fecundity, the potential number of eggs released upon spawning, was 
determined to assess the potential contribution of m i d -Atlant ic sea 
scallops to overall reproducti ve success of the fishery. Because the 
maj o r i t y  of weight difference in a scallop gonad before and after 
spawning can be attributed almost entirely to the presence or expulsion 
of gametes, fecundity can be estimated by calculating weight loss of 
mature gametes upon spawning (Langton et al_. 1987). Gamete weight of 
female scallops was calculated as:
MG * gonad weight
Prior to determining fecundity, the relationship between shell 
height and gamete weight was examined. If gamete weight increases with 
shell size, as might be expected due to basic allometric growth 
principles, one specific animal size must be c o n sistent ly used for 
comparison of fecundity between seasons or areas. To determine this 
relationsh ip and obtain gamete weight estimates, a transcendental
regression model was specified as:
In G = In <2q + Bjln S + >
where G = gamete weight, S = shell height, and y = the random error
o
term, assuming N(0, o ). This equation is well suited for logistic
17
growth, allowing for m a x imum shell heights and inflection points, and 
was found to be the best estimator. Regression analysis was performed 
s eparately for the months characteri zed by m a x i m u m  and m i n i m u m  values of 
the spawning cycle. The calculated weight loss was then converted into 
ova quantities by dividing the wet gamete weight loss by 1.6 x 1 0 ’^g, 
the weight p reviously determined for wet mature ova (Langton et al. 
1987).
Estimated bottom temperatures
Bottom temperatures were estimated using a computer program 
available from the Northeast Fisheries Center, National Marine Fisheries 
Service (NMFS) (Mountain 1989). Temperatur e estimates were derived from 
10 y e a r s  of actual data collected across the continental shelf as part 
of the Marine Resources Monitoring, Assessment, and Prediction Program 
( M A R M A P ) . The mean latitude and longitude coordinates from samples 
collected within the three areas were selected for the temperatur e  
estimates. These coordinates were Va 3 7 ° 3 1 ’, 7 4 ° 4 2 ’ ; De-Md 3 8 ° 1 5 ’ ,
7 4 ° 1 1 ’ ; NJ 3 9 ° 2 5 ’ , 7 3 ° 0 8 ’ . The c o mputer program estimates temperatures 
at these locations for each month by weighting the temperatures at 
nearby MARMAP stations inversely to the square of the d i s tance from the 
station to the desired location. Existing data from NMFS bottom trawls 
and sea scallop surveys were used to verify the accuracy of the 
estimated temperatures.
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A d d u c t o r  muscle weight changes
Seasonal changes in wet adductor muscle weight (meat weight) were 
compared to changes in wet gonad weight using the more extensive 
m o r p h o m e t r i c  data set for the same four size intervals previously used 
for gonad weight changes. The dependence of m e a t  weight on gonad weight 
was statistica lly examined through regression analysis. Each month, one 
sample of known reproductive condition (via histological quantification) 
was selected for the least squares regression so that the entire data 
set was sequential ly representative of gametogeni c processes occurring 
in the mid-At l a n t i c  (Table 2). Specifically, the selected samples 
consisted of gonads which were ripe from J a n uary through April, 
p a rtially spawning in May, and spent in June. The July sample consisted 
of slightly developed gonads, while the sample from August contained a 
m i x ture of slightly developed and spent gonads. Gonads were in an early 
d eveloping stage in September, completely ripe in October, spent in 
November, and partially developed in December. The standard allometric 
model was estimated with 12 binary (dummy) variables to examine the 
p ossibilit y of mo n t h l y  differences in gonad weight. It was assumed that 
the relationsh ip between shell height and adductor muscle weight did not
vary seasonally. The equation was specified as:
In W = In a Q + In S + 3.D^(ln G) + y
w here i = Jan, . . . Dec, W = meat weight, S = shell height, G = gonad
weight, and the random error term. The binary variables (D..) were 
c alculated as: D^ = 1 (0 otherwise) for i = month of observation.
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T able 2. Samples included in regression analysis of adductor muscle 
weight against gonad weight, with a descriptio n of 
reproducti on condition.
MONTH_ _ _ _ _ _ _ SAMPLE REPRODUCTIVE CONDITION
JAN 1/21 developing
FEB 2/02 late developing
MAR 3/27 mature
A P R 4/26 mature
MAY 5/05 partially spent
JUN 6/19 spent
JUL 7/17 recovering
AUG 8/03 spent and recovering
SEP 9/13 early developing
OCT 10/16 late developing
NOV 11/17 spent
DEC 12/07 recovering
20
In this manner, binary values were set for each month. Models were 
e stimated with sexes separate and pooled. An F-test was then used to 
d e t e r m i n e  if regression parameters of the pooled equation differed 
s i gnifican tly from those calculated for males and females separately. 
A d d u c t o r  muscle weight and meat count for 92 and 102 m m  sea scallops 
w e r e  estimated from the resultant models.
RESULTS
Q u a n t ifica tion of the gametogeni c cvcle
A total of 1,326 gonads were examined histologically. Results are 
presented pooled and by individual areas and depths so that conclusions 
can be drawn on the general gametogenic cycle o f  mid-Atlant ic sea 
scallops, and deviations in reproductive processes Cfin be examined and 
related to differing environmental conditions. Since preliminary 
findings indicated that similar processes were occurring in all areas, 
it was felt that pooling of data would not cause significant 
aggregational bias, and could be advantageous because of increased 
degrees of freedom. No statistical tests were performed on the pooled 
data.
Seasonal change in gamete volume fractions indicated that a 
semiannual gametogeni c cycle was characteristic of sea scallops in the 
m i d - A t l a n t i q  bight. The high values of pooled total gamete volume 
fractions (TG) was evidence that gonads remained in a mature condition 
from January to April, with ma x i m u m  values occurring in March (88.3% 
males, 8 9 . 7 %  females) (Figure 2, Table 3). Decreasing values through 
J une reflected the spring spawning period. The m a jority of scallops 
w ere spent in June, as noted by m i n imum TG values (36.2% males, 3 3.6% 
females). A small increase in TG was noted in July ( 5 8 f2% males, 48.0% 
females), subsequently followed by an approximately equal decrease in
21
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Figure 2. M o n thly mean total gamete volume fractions 
(percent) for male and female sea scallops, 
all areas pooled.
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August. TG values then increased through O c t ober when a second peak was 
reached (76.6% males, 72.1% females). Contrary to the spring months, a 
mature gonadal state was not sustained for an extended period of time 
during the fall. Instead, TG decreased in November (57.8% males, 47.2% 
females). The slight increases in TG in December (58.9% males, 56.2% 
females) indicated that spawning was completed in November. No distinct 
qu iescent period existed after the spring or fall spawnings.
Gamete d e v elopmen t in male and female scallops is shown in more 
detail in Figure 3. The initial stages of gametogene sis apparently 
began prior to January 1988 because of the large MG values found during 
that month. During the final periods of maturation in both the spring 
and fall, gonadal tissue consisted primarily of mature gametes. The 
largest MG values for male scallops during the spring cycle occurred in 
April (82.1%) and in October (58.9%) during the fall cycle. Observance 
of partially empty follicles, the presence of spermatozoa in gonoducts, 
and a decrease in MG (Figure 3) in February indicated a small discharge 
of spermatozoa. The largest MG values for female scallops during the 
spring and fall cycles occurred in March and O c t ober (66.7%, 55.6%, 
respectively). At these times, developing gametes comprised 10-20% of 
the tissue. DG values generally decreased as MG values increased since 
developing gametes were continually maturing. In Jul y  however, both MG 
and DG increased. The newly formed MG were apparently expelled in 
August, while the developing gametes were retained. In female scallops, 
DG accounted for the maj o r i t y  of the total gamete increase occurring in 
July. The contribution of mature oocytes, vital for successful 
fertilization, was minimal. Therefore the release of gametes as noted 
by the decrease of MG and DG in August was not considered a significant 
spawning event.
25
Figure 3. Monthly mean mature and resorbing gamete volume 
fractions (a) and developing gamete volume 
fractions (b) for male and female sea scallops, 
all areas pooled.
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Resorbed gametes were observed only in female scallops (Figure 3). 
RG c o nsistent ly comprised a small portion of the volume fractions in 
females throughout the year. Seasonal changes in RG were similar to MG 
seasonal changes, with the larger values occurring in the month of or 
p rior to m a x i m u m  development. The highest level of resorption in the 
spring occurred in March (12.6%). In the fall the m a x i m u m  RG value 
occurred in D e cember (10.0%), although September, the month prior to 
m a x i m u m  gonadal development, also had high values (9.9%). Minimal 
values occurred in July (2.0%).
The distribution and extent of lysis activity and resorption of 
oocytes within individual gonads was extremely variable and patchy. 
Initially the germinal vesicle of individual oocytes became 
indistinguishable. As the vitelline membrane broke down, the oocytes 
lost their round or polygonal shape and took on an irregular, jigsaw 
appearance. As lysis proceeded through the follicle, it became 
impossible to distinguish individual oocytes. Eventually, enpty space 
and fragments of oocytes occupied follicles due to resorption of the egg 
material (Figure 4). Developing gametes were also resorbed in more 
severe cases. Resorbed gametes were observed in gonoducts and the 
intestinal loop.
An inverse relationsh ip between TG and the non-gamete components,
OS and FS, existed in both male and female gonads (Figures 2 and 5). 
M i n i m u m  values for OS and FS occurred in March and October when gonads 
were almost exclusivel y filled with mature gametes. The highest values 
for OS and FS occurred in August and November when gonads were 
p r e d o minan tly spent. The increase in FS as scallops spawned was not as 
large as the decrease in TG, since follicles shrunk in size after 
expulsion of gametes. Instead, there was a large increase in
27
Figure 4. Photomicrographs of female sea scallop gonads 
depicting a healthy mature gonad at lOOx 
ma gnificat ion (a), and a gonad undergoing lysis 
and resorption of oocytes at lOOx (b) and 250x (c) 
magnification.
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Figure 5 Monthly mean volume fractions (percent) of 
follicle space and other structures for male and 
female sea scallops, all areas pooled.
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interfolli cular space, which was filled by c onnective tissue, distended 
gonoducts, and w a t e r  (OS).
A total of 4,711 gonad weight and shell height m e a suremen ts were 
compiled to provide an indication of gametogeni c activity. Shell 
heights of the sampled scallops ranged from 73-170 mm. Results similar 
to those derived from stereological quantification were obtained when 
using both wet and dry gonad weights as a measure of gametogenesis 
(Figures 6 and 7). A semiannual gametogenic cycle was evident in 1988, 
with the spring spawn being of greater magnitude than the fall spawn.
It was also evident that the pattern of gametogenesis did not differ 
significan tly with shell size/age of scallops, although fecundity did 
increase as shell size increased. Scallops 85-89 mm in shell height 
were sexually active. The percent of tissue remaining after removal of 
the foot and drying of the gonad varied seasonally from a m ^ i m u m  of 25% 
in March to a m i n i m u m  of 6% in June. Dry gonad weights, being a more 
accurate measuremen t of gametogenic content, exhibited less monthly  
variation. Additionally, the semiannual cycles were more apparent since 
the increased w ater content present in spent gonads was removed.
Va r i a b i l i t y  within the mid-Atlantic
Va r iabilit y of gametogenesis, as determined by the standard 
deviation of pooled mean gamete volume fractions, was quite large 
throughout the y ear (Table 4). The months during which spawning 
p r e d o minan tly occurred, May and November, exhibited the largest 
v a r iabilit y in TG, MG, and OS. This increased variabilit y from May 
through July was due to the shift from prespawning to postspawning 
reproducti ve conditions. The variability of reproductive condition did
Figure 6. Monthly mean wet gonad weight (grams) for sea 
scallops of four shell height intervals, all 
areas pooled.
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Figure 7. M o n thly estimated dry gonad weights (grams) for 
sea scallops of four shell height intervals, all 
areas pooled. Estimated were calculated as the 
product of individual wet gonad weights and the 
mean percentage of dry tissue weight determined 
from one representative sample each month.
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Table 4. Monthly mean mature gamete volume fraction (X), standard 
deviation (S), and number of observations (N) for P. 
maoellanic us from the Va, De-Md, and NJ sampling areas.
VA DE-MD NJ
MONTH X S N X S N X S N
MALES
JAN 50.25 14.60 24 53.25 13.14 12 65.76 5.52 12
FEB 55.47 13.89 23 54.83 12.35 13 50.42 21.47 13
MAR 71.52 8.43 21 62.08 18.17 22 — —
A P R 82.54 13.93 24 82.61 7.62 22 80.27 11.62 12
MAY 84.56 14.29 24 26.70 31.12 24 71.24 16.30 12
JUN 40.55 32.28 22 4.12 9.95 22 42.71 33.18 17
JUL 40.62 33.24 24 37.74 27.75 24 35.94 26.85 20
AUG 17.82 24.47 18 11.95 18.33 23 15.15 16.66 10
SEP 43.00 29.11 22 40.55 26.06 24 — —
OCT 56.68 31.94 23 68.29 18.14 21 44.00 24.63 10
NOV 31.82 29.61 12 48.52 33.40 19 — —
DEC 29.73 25.62 15 26.82 20.25 23 59.27 22.46 12
FEMALES 
JAN 57.79 13.88 23 56.34 17.00 12 59.75 17.92 12
FEB 59.43 18.52 23 60.27 15.03 11 43.28 21.57 10
MAR 72.42 11.48 23 61.69 17.02 26 — —
APR 63.79 20.95 24 71.27 10.54 25 55.03 20.08 12
MAY 71.13 14.73 24 14.84 26.02 24 56.39 26.58 10
JUN 28.52 31.26 25 0.89 1.40 26 16.50 26.80 30
JUL 24.49 30.29 24 12.33 16.78 24 14.33 20.41 28
AUG 16.65 20.75 30 4.75 10.93 25 9.28 13.33 14
SEP 30.11 26.79 26 33.02 31.48 20 — —
OCT 51.62 27.65 25 62.11 26.50 27 50.35 30.54 14
NOV 20.50 20.21 12 34.25 34.72 29 — —
DEC 20.60 24.69 32 21.50 20.48 25 57.76 31.41 12
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not decrease when mean MG volume fractions were calculated for 
individual areas (Table 5). The large values of standard deviation of 
the pooled volume fractions w ere therefore not due to pooling. Rather, 
the dynamic nature of the semiannual gametogeni c cycle was responsible 
for the inherent variabilit y detected within any given month, area, or 
individual sample.
Comparison of MG values from the three sampling areas confirmed 
that gametogeni c processes, for the most part, were similar throughout 
the m i d - A tlant ic (Figure 8). Within each sampling area, there was 
simultaneous spawning of male and female scallops. In the spring, 
however, female scallops from the De-Md area initiated spawning one 
m onth earlier than scallops from the NJ and Va areas, and w ere more 
comple t e l y  spent by June. Unlike females, MG values for males during 
this period showed little variation between areas prior to the spring 
spawning. Also, male and female scallops from the NJ area accounted for 
the decrease detected in February when data were pooled.
During the summer months, MG values in male and female gonads from 
Va and NJ areas gradually declined to minimal values in August. Both 
sexes of De-Md scallops exhibited a small increase in MG values during 
July. This accounted for the apparent recovery processes previously 
noted when examining the m i d-Atlant ic as a whole (Figure 2). During 
the fall gametogenic cycle, developmen t and spawning in all three areas 
occurred in a shorter time period and in a more simultaneous manner than 
in the spring. Scallops of both sexes from Va and De-Md areas reached 
m a x i m u m  development in October and spawned in November and December. 
While male and female scallops from NJ followed similar trends of 
g a m etogeni c processes through October, it was not possible to verify 
spawning in the fall due to the lack of NJ samples in November, when
34
Table 5. Summary statistics of the Wi]coxan paired sample test
comparing gametogeni c cycles of m ale and female scallops from 
the Va, De-Md, and NJ area, Mature gamete volume fractions 
w e r e  tested.
Z
AREA DF STATISTIC P
VA 542 -7.3338 0.0000
DE-MD 526 -3.9653 0.0001
NJ 260 -3.8760 0.0001
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Figure 8. Monthly mean mature gamete volume fractions
(percent) at each sampling area within the mid- 
Atlantic bight for male (a) and female (b) sea 
scallops.
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spawning was likely to have occurred.
Prior to testing for statistica lly significant d i f ference s between 
areas, it must be determined if male and female scallops within 
individual areas could be pooled. The timing of gametogeni c processes 
within each sampling area was very similar between male and female sexes 
(Figure 8). Male scallops generally had larger values for gamete volume 
fractions. The largest deviations between sexes were noted in MG volume 
fractions from April to July. Results from the Wilcoxan paired sample 
test detected significant differences between sex for all three areas 
(Table 5), and therefore sexes were analyzed separately.
The Wilcoxan paired sample test was used to determine if observed 
d i f ference s between the Va and De-Md gametogenic cycles were 
significant. The NJ cycle was excluded from this analysis since there 
w e r e  no r epresenta tive samples for three months. MG values of De-Md 
female scallops were found to be significantly different than MG values 
of Va female scallops (z = -4.5301, p < 0.0001). No significant 
difference s were detected in male scallops from the two sampling areas 
(z = -1.7152, p < 0.0863) (Table 6).
To compare fecundity of the sampled population between areas and 
season, least square regression models were estimated for female 
scallops from the Va and De-Md areas separately for March, June,
October, and December. A loglinear relationship between gamete weight 
and shell height was noted, with gamete weight increasing as shell 
height increased. The fit of the data was not very good in October for 
either area (R < 0.20). A  standard animal of 103 mm was selected for 
calculation of fecundity since this represented the mean shell height of 
all scallops included in this analysis. Parameter estimates, as well as
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Table 6. Summary statistics of the Wilcoxan paired sample test
comparing g a m etogeni c cycles of scallops from the Va and De-Md 
sampling areas. Mature gamete volume fractions (MG) were 
tested for male and female scallops.
Z
SEX DF STATISTIC P
MALE 618 -1.7152 0.0863
FEMALE 696 -4.5301 0.0001
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the estimated number of eggs spawned during each season and area are 
shown in Table 7. In Va, fecundity was estimated at 39,688,000 eggs in 
the spring and 9,938,000 eggs in the fall. Spring values were 
approximat ely 4 times greater than in the fall. In De-Md, fecundity was 
estimated at 34,125,000 eggs in the spring, and 23,188,000 eggs in the 
fall. Spring values were approximately 1.5 times greater than in the 
fall. Estimated fecundity in the spring was similar between areas, but 
extremely different in the fall.
Depth related differences in the gametogeni c cycle were examined by 
selecting the shallowest and deepest sample for each month from within 
one sampling area (Va) to avoid biasing results due to possible 
interaction of area effects. Selected samples are indicated in Table 8, 
J a n uary was excluded from this analysis since only one sample was 
collected from the Va area in January. Water depth ranged from 46-72 m, 
with the differences between the shallowest and deepest stations for 
each month varying by 7-23 m. Scallops from shallow and deep water 
exhibited gametogeni c development and spawning in the spring and fall 
(Figure 9). In the spring, deep w ater scallops lagged one month behind 
shallow w ater scallops in the timing of gametogeni c processes. In the 
fall, the timing of gametogenic processes was very similar between water 
depths for both sexes. The relative fecundity of scallops, in terms of 
net difference in MG values, did not differ with depth, for either male 
or female scallops. The major difference between the depths was the 
summer gametogeni c activity detected in the shallow water scallops of 
both sexes, but absent from the deep water scallops. The Wilcoxan 
paired sample test detected significant differences between MG values of 
shallow and deep water samples for both sexes at the 0.05 level, but 
not at the 0.01 alpha level (males: z = -2.3368, p < 0.0194; females:
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Table 7. Parameter estimates from regression of natural logarithm 
of gamete weig h t  against constant, natural log r i t h m  of 
shell height, and shell height.
MONTH ln a o 3 1 3 2 R 2
GAMETE 
WT. (G)
EGG #
(x 1000)
VA
MARCH -28.738 7.686 -0.047 .73 7.73
JUNE 37.950 -9.563 0.065 .45 1.38 39,688
OCT 143.181 -39.158 0.383 .09 3.10
DEC 39.386 -11.476 0.138 .53 1.51 9,938
DE-MD
MARCH -27.261 7.396 -0.050 .54 6.49 i
JUNE 6.039 -1.741 0.020 .67 1.03 34,125
OCT 31.373 -8.792 0.105 .16 4.21
DEC 27.623 -8.340 0.112 .71 0.50 23,188
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T a b l e  8. Samples included in the Wilcoxan paired sample test comparing 
gametogeni c cycles of shallow and deep wa t e r  scallops.
MONTH
SHALLOW 
DEPTH 
SAMPLE (Ml
DEEP
SAMPLE
DEPTH
(Ml
FEB 2/18 46 2/02 59
MAR 3/28 51 3/27 62
APR 4/21 44 4/19 65
MAY 5/26 44 5/05 63
JUN 6/27 50 6/19 62
JUL 7/17 53 7/18 64
AUG 8/29 52 8/23 59
SEP 9/22 43 9/26 64
OCT 10/22 56 10/16 64
NOV 11/06 38 11/12 56
DEC 12/15 43 12/07 66
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Figure 9. Mean mature gamete volume fractions (percent) of 
the shallowest and deepest samples of each month 
within the Va sampling area for male (a) and 
female (b) sea scallops.
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z = -2.4581, p < 0.0140) (Table 9).
Estimated bottom temperatures
Comparison of the estimated bottom w ater temperatures to actual 
values periodical ly measured on NMFS bottom trawl and scallop surveys 
found the data to be reasonably similar. Because the NMFS temperature 
data was limited for the sampled areas and dates of this study, 
estimated values, which could be derived for any desired location and 
date, were considered to be more useful for this study. The bottom 
temperatur e models estimated for the three sampling areas indicated 
similar annual cycles (Figure 10). Water temperatures were generally  
w a r mest in winter months (November to January) at approximat ely 12-14 °C 
and coolest in summer months (May to July) at approximately 7-8°C.
Using MG changes as an indication of gametogenic activity, gamete 
develo p m e n t  coincided with decreasing temperatures in w i n t e r  and spring 
and increasing development in the fall. Spawning in the spring was not 
associated with temperature changes, while spawning in the fall occurred 
con c u r r e n t l y  with increasing temperature. The largest decrease in 
temperature, occurring between January and February, was not associated 
with a m ajor deviation in MG volume fractions, although a small decrease 
in MG for male and female scallops from the NJ area was detected. At 
this time, resorption in females and partial spawning in males were 
detected more frequently.
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A d d u c t o r  muscle weight changes
A d d u c t o r  muscle wet weight of sea scallops exhibited seasonal 
variation (Figure 11). Meats w ere relatively large in January, but 
decreased through March in the three larger size groups. Meat weights 
for the 85-89 m m  size group decreased through May. The decreases in the 
three larger size groups corresponded with dry gonad weight increases. 
Wet meat weights then began to increase as spawning commenced, reaching 
m a x i m u m  values in July, when gonads w ere p r edominan tly spent. As gonads 
d eveloped in the fall, meat weights again declined, with subsequent 
increases occurring in November or December, depending on the shell size 
interval. The true relationship between meat weight and gonad weight 
ma y  be distorted however due to the aggregation of the data over all 
areas and w ater depths. For this reason, the regression analysis was 
limited to one sample a month as previously explained.
Parameter estimates and summary statistics for the multiple 
regression model, with male and female scallops estimated separately and
pooled, are shown in Table 10. A very good fit of the data was achieved
9 9 9using these equations (R = 0.88 males; R = 0.92 females; R = 0.90
pooled). Results of the F-test concluded that male and female estimates
were not equal to those obtained from the pooled data (F = 1.69; p <
0.05).
The t-statistics indicated that shell height was a significant 
p a rameter in the female, male, and pooled equations. For males, all 
mo n t h l y  binary slope coefficients were significant with the exception of 
November. For females, all m o n thly binary slope coefficients were 
significant except March and October.
Binary slope coefficients may be interpreted similar to a chain
44
Table 9. Summary statistics of the Wilcoxan paired sample test 
comparing gametogenic cycles of shallow and deep w ater 
scallops. Mature gamete volume fractions (MG) were tested 
for male and female scallops.
Z
SEX DF STATISTIC P
MALE 240 -2.3368 0.0194
FEMALE 275 -2.4581 0.0140
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Figure 10. Monthly estimated bottom temperatures ( Celsius) 
at the Va, De-Md, and NJ sampling areas.
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index. A  negative value indicates that as gonad weight increased for a 
given month, meat weight decreased. A  positive value indicates that as 
g onad weight increased for a given month, meat weight increased. The 
larger the coefficient, the larger the increase or decrease in meat 
weight. Thus, the magnitude of the weight change can be compared over 
the 12 month period.
Using the binary slope coefficients as a reference, meat weights 
for a given shell size in male scallops during the first six months of 
1988 were largest in January and smallest in April. A  direct 
r e lationsh ip existed between meat weight and gonad weight, but to a 
decreasing amount as the spring proceeded, so that meat weight actually 
decreased as gonad weight increased in April. Immediate increase in 
meat wei g h t  in May, as spawning
commenced, reestablished the direct relationship between meat weight and 
gonad weight. Meat weights continued to increase throughout the summer, 
with the largest meat weight for the entire y e a r  occurring in August. 
Subsequently, meat weights again declined until reaching a m i n imum 
weight and inverse relationship for the last six months of 1988 in 
November. Meat weights showed a slight increase in December.
Binary slope coefficients for female scallops were similar to those 
o btained for male scallops. M a x imum and m i n i m u m  weights in the first 
six months of the y ear occurred during the same months as male scallops. 
In the last six months of the year, m a x i m u m  and mi n i m u m  meat weights for 
females occurred in July and November. The magnitude of the meat weight 
change in females appeared to be less than that occurring in male 
scallops throughout the year.
Estimated adductor muscle weights for 92 and 102 m m  sea scallops 
are shown in Table 11. The weight of a 92 mm scallop muscle varied from
47
Figure 11. Monthly mean adductor muscle wet weight (grams) for 
sea scallops of four shell height intervals, all 
areas pooled.
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Table 11. Estimated adductor muscle weights and meat counts for 92 and 
102 m m  sea scallops.
MONTH
92 MM
MALE
SCALLOPS
FEMALE
102 MM SCALLOPS 
MALE FEMALE
MEAT
WT(q)
MEAT
CT
MEAT
WT(q)
MEAT
CT
MEAT
WT(q)
MEAT
CT
MEAT
WT(q)
MEAT
CT
JAN 15.04 30 14.87 30 20.96 21 20.22 22
FEB 13.30 34 14.02 32 17.85 25 18.98 23
MA R 12.74 35 12.03 37 17.17 26 17.29 26
AP R 10.18 44 10.72 42 13.21 34 13.25 34
MAY 13.69 33 13.74 33 18.96 23 18.21 24
JUN 13.41 33 13.64 33 19.75 22 18.81 24
JUL 16.36 27 16.48 27 23.42 19 23.68 19
AUG 14.48 31 14.28 31 20.23 22 20.61 22
SEP 16.18 28 17.02 26 23.54 19 22.81 19
OCT 13.14 34 13.06 34 17.96 25 17.11 26
NOV 11.89 38 12.38 36 15.72 28 15.26 29
DEC 12.35 36 12.64 35 17.12 26 16.24 27
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10.18 g in April to 16.48 g in July, a difference of 6 g. The weight of 
a 102 m m  scallop muscle varied from 13.21 g in April to 23.68 g in July, 
a d ifference of 10 g. Between adjacent months, weight varied by as much 
as 3 g for a 92 mm scallop and almost 6 g for a 102 m m  scallop. These 
w eight changes significan tly altered the resulting meat counts. 
Calculatin g meat count on an individual basis, the 92 m m  scallop had a 
m eat count equivalent to 44 mpp in April and 27 mpp in July. Meat count 
of the 102 m m  scallop was equivalent to 34 mpp in April and 19 mpp in 
July.
D ISCUSSION
Histological examination and quantitati ve analysis of gonadal 
tissue indicated that the gametogeni c cycle of P. m a gellanic us from the 
m i d - A t l a n t i c  bight was quite different than previous d o c u m entat ions for 
this species. These scallops underwent a semiannual g a m etogeni c cycle 
with spring spawning occurring between April and June and fall spawning 
occurring between October and December. Temperatur e at the time of 
spawning was estimated at approximately 8°C in the spring and 1 2 - 15°C in 
the fall. In comparison, P. magellanic us located off the coast of 
N e w f o undla nd has recently been reported to spawn annually from late 
Augu s t  to early September at a temperature range of 4-16°C (McDonald and 
Thompson 1986). £. m a g e ! 1 anicus on Georges Bank also spawns annually
from late September to early O c t ober at a temperature range of 8-ll°C 
(Posgay and Norman 1958; Mackenzie et al. 1978).
These differences in the frequency and timing of spawning support 
the zoogeograp hic principle p reviously described by Giese and Pearse 
(1974) and Seed (1976). This principle states that for many  
invertebrate species occurring over a wide latitudinal range, several 
predictabl e differences in the reproductive cycle of a species may be 
noted from the northern to southern extensions. These difference s may 
include a shift from annual to semiannual or continuous spawning cycles, 
initiation of gametogenesis and spawning later in tbe year, less 
synchronous spawning, or a difference in relative fecundity. As
51
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p revio u s l y  noted, a shift to semiannual spawning was noted in this 
study, as well as initiation of fall gametogene sis and spawning later in 
the y e a r  and at higher temperatures.
The periodicit y of spawning seasons is theoretica lly a selective 
response to take optimal advantage of favorable environmental conditions 
so that reproducti ve success is maximized (Giese and Pearse 1974). 
Inevitably the reason for gametogenic changes involves requirements for 
a specified amount of food accompanied by a m i n imum threshold 
t e m peratur e (Barber and Blake 1983). Semiannual reproductive cycles 
have been associated with a favorable combination of environmental 
factors which permit two periods of gametogeni c developmen t and spawning 
(Rodhouse et al_. 1984).
A recent reproductive study of sea scallops off the New Jersey 
coast, slightly north of the NJ sampling area in this study, noted a 
slight decrease in MG volume fractions in June and July, followed by 
major g a m e t etoge nic development and spawning in the fall (MacDonald and 
Thompson 1988). This reproductive pattern agrees with results of this 
study. The small magnitude of the spring spawning m ay be an indication 
that the shift from annual to semiannual spawning is a gradual process, 
beginning somewhere north of New Jersey and south of Long Island, New 
York. The latitudinal shift from annual to semiannual spawning has also 
been noted by Pfitzenmeyer (1965) for Mya a r e n a r i a , by Hesselman et al. 
(1989) for Mercen a r i a  s p p . , and by Ropes (1968) for Spisula s o l i d i s s i m a . 
The latter bivalve is found in a similar habitat and range as £. 
m a g e l l a n i c u s .
As previously mentioned, most studies of Newfoundla nd sea scallops 
have found an annual gametogenic cycle. Naidu (1970), however, observed
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a small m inor spawning in Port au Port Bay, N e wfoundla nd during June in 
addition to the traditional fall spawning for two consecutiv e years.
O f f  the coast of Maine, Barber et al. (1988) noted the possibilit y of 
semiannual spawning in an isolated population from deeper water (170-180 
m). These variations to the traditional annual fall spawning are not 
related to changes in latitude. The reason for the additional spawn in 
Newfoundla nd was thought to be related to temperatur e changes and 
d i ffering rates of gonadal maturity. The difference s noted in Maine 
wer e  attributed to nutritional stress, resulting in reduced synchrony 
and fecundity of spawning.
Within the m i d - A tlant ic bight, the gametogeni c cycle did not vary 
in a distinct north-south latitudinal trend. Initiation of 
gametogene sis and spawning occurred during identical months in the fall 
at all sampling areas. Initiation of spring spawning commenced in the 
De-Md area prior to spawning in NJ and Va areas. Although a clear 
latitudinal trend between areas was not observed, significant 
differences did exist in the gametogenic cycle of female scallops. 
Latitudinal trends have historically been difficult to demonstrate 
because of the complicate d interaction of varying local environmental 
conditions (Giese and Pearse 1974; Sastry 1979; Newell et a]_. 1982).
D ifferences in the gametogenic cycle with depth were evident. 
Shallow wa t e r  scallops were generally more r eproducti vely active than 
deep w ater scallops, exhibiting larger values of MG and additional 
g ametogeni c activity during the summer months. Relative fecundity, 
however, was similar between depths for both male and female scallops. 
This result differs from previous literature which found fecundity to 
decrease with depth (McDonald and Thompson 1985, 1986; Barber et al. 
1988; Schick et al. 1988). These studies attributed the differences
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pr imarily to decreased food availability. Apparently, at the depths 
sampled in this study, similar amounts of food were available.
Volume fractions of male and female gonad components generally  
followed very similar patterns. However, because of m o r p h ometr ic  
difference s between male and female gonads, the numerical values of 
volume fractions differed, causing statistically significant differences 
to be detected between male and female gametogenic cycles. Spawning of 
m a l e  and female scallops within each sampling area occurred during the 
same months. Since fertilization is external, synchronous release of 
m ale and female gametes in sufficient quantities is critical to the 
reproducti ve success of a spawning season and the size of the resultant 
y e a r  class (Langton et al_. 1987).
The semiannual cycle reported in this paper and the occasional 
reporting of semiannual spawning at certain locations in more northerly 
areas suggests that P. magellanic us is an opportunis tic species, 
initiating gametogenesis whe n e v e r  there are sufficient energy reserves 
(Rodhouse et al- 1984). This dynamic reproductive strategy may have 
c o n t ribute d to the apparent lack of synchrony in gametogene sis observed 
in this study. For example, redevelopment of gonads began immediately 
following spawning, so that during and immediately after spawning, 
scallops of all reproductive conditions were observed.
No quiescent period between the two cycles was noted, unlike sea 
scallops from Newfoundla nd (MacDonald and Thompson 1986). In addition 
to the two major spawnings, small amounts of gamete developmen t and 
spawning in July and August were detected in De-Md scallops. A minor 
amount of mature gametes were also released from NJ scallops in February 
prior to the m ajor spawning period. The small release of spermatozoa 
has been referred to as dribble spawning by Newell et al_. (1982) and
55
M a c D o n a l d  and Thompson (1988). This activity, however, could not have 
contr i b u t e d  to successful spawning since gonads w ere not fully developed 
and the release of mature gametes was minimal. The sporadic occurrence 
and d i s tributi on of lysis and resorption of oocytes in female scallops, 
noted to a small extent throughout the year, also contributed to 
increased variabilit y of MG values. In the population studied off 
Newfoundland, standard deviations for female MG values were generally 
smaller than standard deviations obtained in this study. Thus there 
apparently is less synchrony of gametogeni c processes at the southern 
extreme of P. m a g e l l a n i c u s ’ range than in more northerly locations, 
supporting the established zoogeographical tendency of decreasing 
synchrony of gametogeni c processes as latitude decreases.
The occurrence of oocyte resorption and dribble spawning of 
spermatozo a may be related to temperature patterns. These phenomena 
have been observed under experimental conditions in Argppecten irradians 
(Sastry 1966) and Mvtilus edulis (Bayne et al_. 1978) when spawning was 
delayed due to prolonged low temperatures or starvation. Lubet et al_. 
(1987) d ocumented similar dribble spawning and resorption activities in 
Pecten maximus, and concluded that lysis and resorption were apparently 
n ecessary to compensate for insufficient energy reserves in the adductor 
musc l e  during months of limited food availability. Past reports on the 
d i stributi on and concentration of phytoplankton in the mid-Atlant ic 
bight (Mulford and Norcross 1971; Marshall 1978; O ’Reilly et al. 1987) 
do not indicate that food is limiting in this area. Prolonged low 
temperatures, however, were noted throughout the spring. Additionally, 
no sharp increase or decrease in temperature was associated with 
spawning, as is commonly reported (Naidu 1970). Temperature conditions 
estimated in this study could therefore be responsible for resorption
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and dribble spawning noted during the spring cycle. This does not 
explain the occurrence of resorption in the fall however, since 
temperatures were much higher and development occurred rapidly. Since 
resorption and dribble spawning were only observed to a mi n o r  extent and 
the m a j o r i t y  of degenerate d oocytes and released spermatozoa were 
replaced by mature healthy gametes prior to the spring and fall 
spawning, resorption and dribble spawning did not g r e atly reduce 
fecundity. These phenomena may instead serve as a healthy sloughing 
m e c h a n i s m  for an animal that is reproductively mat u r e  for a prolonged 
period.
Past studies have shown that when two gametogeni c cycles occur 
within one year, they often differ in magnitude and duration, although 
these characteri stics may exhibit interannual v a r iabilit y (Mason 1958; 
Comely 1974). Results from this study support this conclusion for £. 
m a g e l l a n i c u s . The duration of the gametogenic cycle in the spring 
varied from that observed in the fall. Spring gonadal development began 
prior to January and persisted through April, a m i n i m u m  of four months. 
In contrast, fall gonadal development was completed in just two months, 
September and October. Temperatur e has often been implicated as a 
primary environmental factor controlling the timing of gametogenic 
events (Sastry 1966; Giese and Pearse 1974). While high temperatures in 
the win t e r  allowed initiation of gametogenesis, the drop in temperature 
in February may have delayed spawning until May. In the fall, 
temperatur es were higher throughout the period of gonadal maturation. 
Gamete developmen t and spawning in the fall therefore occurred over a 
shorter time period than in the spring.
The magnitude of the two spawns, in terms of fecundity, also 
differed. During this study, the spring period of gametogenesis
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gene r a l l y  produced a greater number of eggs than the fall period. 
Fecundity has been reported to be greater when environmental conditions 
for the species are more favorable (Newell et al_. 1982; Rodhouse et al- 
1984). Sastry (1966) suggested that when gonadal m a turation occurs at 
elevated temperatures, increased metabolic demands may result in reduced 
available energy reserves for reproduction, and therefore reduced 
fecundity. Also, fecundity in the spring was more c onsistent between 
areas than in the fall, when De-Md scallops produced a g r e ater number of 
eggs than Va scallops. The decrease in fecundity and consi s t e n c y  in the 
fall is an indication that environmental conditions differed between 
seasons in such a way that the fall gametogenic cycle was less fecund, 
and stable than the spring cycle. Several additional years of 
histological data are required before any firm conclusions can be drawn 
on interannual variabilit y of the two gametogenic cycles.
A long a latitudinal gradient, fecundity has been reported to 
decrease as the species approaches its southern distributional limit 
(Barber and Blake 1983). A decrease in fecundity with d ecreasing 
latitude was not observed in this study, however. The quantity of eggs 
released from individual spawnings, with the exception of the Va fall 
spawning period, was similar to that obtained by Langton et al_. (1987) 
for P. maaellanic us from the Gulf of Maine. Comparison of m a x i m u m  and 
m i n i m u m  TG values observed during the spring and fall cycles in this 
study to the values calculated for the annual cycle of Newfoundla nd sea 
scallops (MacDonald and Thompson 1986), found similar TG values, 
indicating similar magnitude of relative fecundity. However, a shift to 
semiannual spawning represents an increase in relative fecundity if the 
total number of viable eggs released from both spawnings within a given 
y e a r  exceeds the amount released from the annual spawning in other
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regions. Therefore, total gamete production on a y e a r l y  basis in the 
m i d - A t l a n t i c  bight was greater than in the more n o rtherly populations. 
MacD o n a l d  and Thompson (1988), when comparing sea scallops from 
N e wfoundla nd and New Jersey waters, also concluded that relative 
fecundity, in terms of reproductive output, was gr e a t e r  in the southern 
location.
In this study, wet and dry gonad weight changes were an accurate 
indicator of gametogeni c events, since similar results w ere obtained 
from the histological quantification of gonadal material. Wet gonad 
weights, however, exhibited greater m o n thly fluctuations than either 
g amete volume fractions or dry gonad weights. Since similar results 
were achieved, future monitoring of gonadal developmen t could be 
conducted through measurements of wet or dry gonad weights, thus 
reducing the cost and labor of the study.
A strong relationsh ip was shown to exist between seasonal changes 
in adductor muscle weight and gonad weight in this study. Meat weights 
g ene r a l l y  decreased as gonadal development progressed, increased 
i mmediately after spawning, and continued to increase until the next 
period of gonadal development was initiated. Hence the lowest and 
highest meat weights during the spring cycle were estimated to occur in 
April and August, respectively. The lowest and highest meat weights 
during the fall cycle were observed in November and December, 
respectively. The magnitude and duration of depressed meat weights was 
larger during the spring period of gonadal developmen t than in the fall. 
This coincides with the nature of the two gametogeni c cycles since 
gonadal d e v elopmen t in the spring encompassed an extended period of 
time, and exhibited greater fecundity. These seasonal changes in 
adductor muscle weight were previously shown for m i d -Atlant ic sea
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scallops (Kirkley et al., in press) but were not dir e c t l y  associated 
with g a m etogeni c processes. A similar relationship between the adductor 
musc l e  and gonad has been previously reported for P. maqellanic us in the 
Gul f  of Maine (Robinson et al* 1981; Schick et al. 1988).
The meat weight changes were a result of the adductor m u s c l e ’s 
function as an energy reserve. Barber and Blake (1981) found that 
protein reserves in the adductor muscle of A. irradians w ere utilized 
for the final stages of gametogenesis, spawning, and general metabolic 
demands after lipid and glycogen reserves had been depleted. When 
bioenerget ic conditions are less favorable, there will be a greater 
demand on the adductor muscle reserves and subsequently, a potentially 
larger decrease in the weight of the adductor muscle (Bayne 1976).
Since exogenous factors affect available energy reserves, they 
i nevitably affect the timing and frequency of gametogeni c cycles. 
T e m p e r a t u r e  patterns in this resource area differ from other scallop 
resource areas and may in part be responsible for the observed deviation
in the gametogeni c cycle. Bottom temperatures between J a n uary and
August remained low (approximately 8°C) and fluctuated little. Fall 
and win t e r  bottom temperatures were higher than those previously 
reported for continental shelf w ater in the mid-Atlant ic bight (Bumpus 
1973, Jones 1981, Mann 1982). In those studies bottom w ater 
temperatur es were minimal near the first of the year, increased 
gradu a l l y  in the spring and summer, peaked near September, and then 
d ecreased through fall and winter. The areas d e scribed in these studies 
were located further north or inshore of the current study.
Several factors may be responsible for the elevated temperatures in 
the fall and winter, and the depressed, stable temperatures in the
spring and summer. Higher temperatures in the fall and w i n t e r  have been
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a ttributed to slope wa t e r  intrusion ( O ’Reilley et al- 1987; Mountain, 
personal communication). As the relative volume of shelf w ater varies 
seasonally, the shelf-slope water boundary will also vary. At the 
southern region of the shelf, the slope wa t e r  is thought to extend onto 
the shelf to at least the 60 m line in the fall and winter, causing an 
increase in bottom wa t e r  temperature at that time, despite the cooling 
and mixing of surface waters. The persistence of cold bottom water in 
the summer can be attributed to the formation of "cold pool" water 
(Houghton et a]_. 1982). This water type is thought to originate from 
Nantucket Shoals as cool mixed winter water becomes isolated with the 
d e v elopmen t of a thermocline in March or April. Subsequent to this, the 
w a t e r  is advected southwestward along the 50 and 80 m  isobath and lasts 
for several months. In the fall, the cold pool breaks down as vertical 
mixing and intrusion of slope water w a r m  the area.
Food availabili ty has recently been suggested to be a more critical 
parameter for gametogene sis than temperature (Newell et al- 1982; Barber 
et al. 1988). Chlorophyll concentration decreases as w ater depth 
increases and, at depths greater than 30 m, primary production is 
thought to be negligible. Sea scallops from the mid-Atlant ic bight 
therefore must rely on a combination of limited phytoplankton, benthic 
diatoms, and resuspended particulate organic matter for its diet 
(Shumway et al. 1987). Information on the plankton concentration in 
pelagic waters, while not inclusive of all available food, may provide 
some insight into the observed gametogeni c processes. Past studies have 
noted the occurrence of a spring bloom of diatoms and dinoflagellates in 
April and May, and a fall bloom primarily of diatoms in late October or 
early November (Mulford and Norcross 1971; Marshall 1978; O ’Reilly et 
al- 1987). Both blooms coincide with the time of spawning. The surplus
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food available at those times may also explain why adductor muscle 
we i g h t s  increased immediately after spawning. Concentrat ions of 
plankton are lower during the summer but consist of greater diversity of 
smaller sized plankton. Similar seasonal changes also occur on Georges 
Bank, although chlorophyll concentrations are t r aditiona lly higher on 
Georges Bank.
On the shelf of the New York Bight and Georges Bank, chlorophyll 
c o n c e ntrat ions are normally at minimal levels from D e cember to February. 
On the m i d -Atlant ic shelf however, production remains elevated due to 
the intrusion of w arm and nitrate rich slope water ( O ’Reilly et al. 
1987). Macroscopi c examination of the digestive gland and intestinal 
loop during this study indicated that scallops from the m i d -Atlant ic 
have abundant food throughout the year. The nutrient increase in the 
wi n t e r  appears to be the m ajor difference between environmental 
c onditions in the m i d-Atlant ic and Georges Bank. The elevated 
p r o d u ctivi ty could provide the energy necessary to sustain gonadal 
d e v elopmen t from December through April. Scallops on Georges Bank, 
w i t h o u t  access to this energy source and subjected to cooler water 
temperatures, may not be e n ergetica lly capable of undergoing gonadal 
develo p m e n t  in the winter.
The principle environmental factor affecting recruitment success of 
the sea scallop has been attributed to w ater current patterns during the 
p lanktonic larval stage (New England Fishery M anagement Council et al. 
1982). Surface circulation over the mid-Atlant ic shelf consists of a 
s o uthweste rly drift moving at approximat ely 5 nautical miles a day, with 
a seaward exit between the Chesapeake Bay and Cape Hatteras (Bumpus 
1973). Therefore planktonic larvae may be transported between 100-300
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km d o w n s t r e a m  prior to settlement. Larvae o r i ginatin g in the mid- 
Atl a n t i c  could potentiall y be carried beyond the southern limit of their 
distribution, where survival would not be possible. However, a 
shoreward bottom drift in the summer and w i n t e r  months, upwelling, and 
gyres are known to occur within the region, and could significantly 
alter the final location of the spatfall, possibly retaining them in the 
m i d - A t l a n t i c  bight (Mulford and Norcross 1971; New England Fishery 
M anagement Council et al. 1982).
Despite the success of recruitment, the economic and management 
implications of the semiannual gametogenic cycle remain very 
significant. Prolonged gonadal development and spawning in the spring 
and the associated decreases in meat weights are critical issues for the 
commercial industry since a semiannual cycle of gametogene sis and 
spawning implies increased variability and reduction in meat weights. 
Co n s e quent ly the meat weight of an individual scallop will fluctuate to 
a gr e a t e r  extent in the mid-Atlant ic than in more northerly resource 
areas where scallops exhibit an annual gametogeni c cycle. This 
instability of the shell height-meat weight r e l ationsh ip makes adequate 
culling more difficult for commercial fishermen.
While the decrease in meat weight associated with fall gametogenic 
processes has been taken into account by the sea scallop fishery 
ma n a g e m e n t  plan (New England Fishery Management Council 1987), there is 
currently no equivalent adjustment for the spring reproducti ve activity 
which occurs over several months. A seasonal adjustment in meat count 
which accurately represents the seasonal change in adductor muscle 
weight would need to be in effect for approximat ely 9 months of the yea r  
in the m i d -Atlant ic bight. However, since the relationsh ip between 
adductor muscle weight and the gametogeni c cycle of E*. maqellanic us has
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been establishe d in this and other studies (Robinson et a]_. 1981;
S e r c h u k  and Rak 1983; Schick et al- 1988), commercial scallop fishermen 
could take this information into account when attempting to predict the 
cull size which will yi e l d  an average meat count less than or equal to 
the m a x i m u m  average meat count mandated by the fishery ma n a g e m e n t  plan.
There are also several positive economic implications of a 
semiannual gametogeni c cycle. The presence of mature gonads for 
a p p r o ximat ely seven months of the y ear offers increased availabili ty of 
ripe gonads for the developmen t of a roe-on scallop market. This market 
is well established overseas. Currently there is an increased interest 
among industry to promote roe-on harvest of scallops in the United 
States. The availability of ripe broodstock for culture purposes 
represents another potential use of mid-Atlant ic sea scallops.
Hatcheries and commercial scallop farms are already e s t ablishe d in 
Canada and Japan.
The most important implication of semiannual spawning is the 
possib i l i t y  of increased recruitment to a historical ly erratic fishery. 
Two spawning seasons per y ear should theoretica lly alleviate yearly  
fluctuations of scallop abundance since there is an increased chance of 
f avorable recruitment conditions. Further studies on recruitment 
success of the two spawning periods would provide important information 
for accurate assessment of the fishery in the future.
CONCLUSIONS
Histological quantifica tion of gonadal material indicated that sea 
scallops from the mid-Atlant ic bight have a semiannual gametogenic 
cycle. Spring spawning occurred between April and June. Fall spawning 
occurred between O c t ober and December. Gonadal d e v elopmen t and spawning 
in the fall occurred more rapidly than in the spring. Fecundity, 
however, was g r e ater in the spring. Conclusions drawn exclusivel y from 
wet and dry gonad weight changes were similar to the histological 
results.
V a r iabilit y of gametogenesis within a month or area was quite 
large. The greatest variability occurred during spawning since scallops 
were shifting from a condition of m a x imum m a t urity to various stages of 
spawning and recovery. The lack of a distinct quiescent period and the 
sporadic occurrence of oocyte resorption and dribble spawning of 
s permatozoa also contributed to the increased variabilit y of mature 
gamete volume fractions.
While variabilit y within a month or area was quite high, the timing 
of gametogeni c processes between male and female scallops within each 
sampling area or month was similar. However, statistical differences 
were detected between male and female mature gamete volume fractions. 
This ma y  be attributed to morphometric differences between male and 
female gonads.
S imilar gametogeni c cycles were observed throughout the mid-
64
65
At lantic bight, although some differences in the timing of gametogenic 
processes among areas and between depths were evident. The gametogenic 
cycle of female scallops from the De-Md area was significan tly different 
than the gametogeni c cycle of female scallops from Va. The former 
spawned one month earlier and exhibited slight gametogeni c development 
in the summer. The gametogeni c cycle of deep water scallops of both 
sexes from the Va area was significan tly different than the gametogenic 
cycle of shallow water scallops. The former lagged one month behind 
shallow wa t e r  scallops in the timing of spring g a m e togeni c activity and 
lacked gametogeni c development in the summer.
Bottom w a t e r  temperatures estimated for the mid - A t l a n t i c  bight 
d i ffered from more northerly regions of the Atlantic, with the lowest 
temperatur es occurring in the summer and the highest temperatures 
occurring in the winter. Elevated temperatures and increased primary 
p r o d u ctivi ty in the m i d-Atlant ic bight were due to slope wa t e r  intrusion
onto the shelf ( O ’Reilley et al_. 1987; Mountain, personal
communication). This mid-Atlant ic anomaly, not detected in more 
northerly regions of the continental shelf, may provide sufficient 
environmental conditions to allow gonadal development and spawning to 
occur during the first six months of the year, as well as during the 
fall. Prolonged gonadal maturation and increased fecundity in the 
spring relative to the fall may also be attributed to difference s in 
temperatur e patterns between seasons. Spawning, however, was not 
associated with sharp changes in temperature, but instead coincided with
spring and fall plankton blooms.
A strong relationship between adductor muscle weight and gonad 
weight was proven in this study through regression analysis. Adductor
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mus c l e  weights g e n e r a l l y  decreased as gonads developed, increased 
shortly after spawning, and continued to increase until gonads began to 
redevelop. Because of this relationship, g a m etogeni c activity of sea 
scallops is of concern to the commercial scallop industry. Fluctuating 
meat weights have lead to increased d ifficulty in complying with meat 
count regulations, and a reduction in profits relative to more northerly 
scallop resource areas, where scallops have an annual gametogeni c cycle. 
However, the semiannual gametogeni c cycle may be advantageous to 
fishermen if increased recruitment occurs or a roe-on scallop market is 
established.
Because semiannual gametogenic cycles are often subject to large 
interannual variability, researchers should continue monitoring 
gametogene sis of m i d - A tlant ic sea scallops for several additional years 
to verify the repeated occurrence and characteri stics of the semiannual 
gametogeni c cycle. Because similar results were obtained from 
histological quantifica tion and recording of seasonal gonad weight 
changes, the gonad weight changes would be an accurate and simpler 
method for a long term monitoring program. The results of this study 
should be recognized in the sea scallop fishery man a g e m e n t  plan if this 
fishery continues to be regulated by a m a x i m u m  meat count.
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